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Figure S10
. NMR titration studies of the interaction of hpTEN with RNA-DNA heteroduplex, representing ~1.8 telomeric repeats (E4).
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Figure S11
. NMR titration studies of the interaction of hpTEN with ssRNA (E5) followed by ssDNA (E6). S16 Figure S12 . NMR titration studies of the interaction of hpTEN with RNA hairpin (E11). S18 Figure S13 . NMR titration studies of the interaction of hpTEN with RNA upstream fragment (E10). S19 Correctness of all constructed plasmids was verified by sequencing. Subsequent expression of the mutant forms were carried out as described for the wild-type protein.
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Proper folding of the purified hpTEN mutant variants to the wild-type protein was validated using circular dichroism (CD) spectroscopy (Fig.   S19 ). Circular dichroism measurements were carried out on a Chirascan CD spectrometer (Applied Photophysics) using a 0.01 mm path length. All the CD spectra were recorded at room temperature. A protein concentration of 9 mg/ml was used in 20 mM phosphate buffer, pH 7, 50 mM NaCl for all hpTEM mutant forms.
RNA and DNA synthesis
DNA and RNA oligonucleotides were assembled in an MM-12 synthesizer (Bioautomation) with the phosphoramidite method, according to the manufacturer's recommendations at 25 µmol scale. Protected 2'-deoxynucleotide 3'-phosphoramidites, 2'-TBDMS protected nucleotide 3'-phosphoramidites, Unylinker-CPG (500Å) and S-ethylthio-1H-tetrazole were purchased from ChemGenes. DNAs were cleaved from the support and deprotected using AMA -1:1 (v/v) concentrated aq. ammonia and 40% aq. methylamine (5 ml) for 3 h at 45°C, the support was washed by water (3×1 ml) and the combined solution was evaporated to dryness. Oligonucleotides were purified by double HPLC. The IE-HPLC purification of oligonucleotides was carried out on a 21×150 mm TSKgel SuperQ-5PW column (13 µm, Tosoh); buffer A: 20 mM Tris-HCl (pH 7.5), 10% acetonitrile; buffer B: 20 mM Tris-HCl (pH 7.5), 1M NaBr, 10% acetonitrile; a gradient of B: 0-5% (1 CV), 5-50% (15 CV); a flow rate of 10 mL/min; temperature 45°C. Fractions were analyzed by LC-MS (Bruker Maxis Impact q-TOF system). Fractions with the full length oligonucleotide (with purity higher than 95%) were pooled and partially evaporated. The RP-HPLC purification of oligonucleotides was carried out on a 21×150 mm Jupiter C18 column (5 µm, Phenomenex); buffer A:
0.05 M triethylammonium acetate (pH 7); buffer B: 0.03 M triethylammonium acetate (pH 7), 80%
acetonitrile; a linear gradient of B: 0-100% (8 CV); a flow rate of 5 mL/min; temperature 45°C. Fractions were analyzed by LC-MS (Bruker Maxis Impact q-TOF system). Fractions with the full length oligonucleotide (with purity higher than 95%) were pooled and evaporated. Synthesized single-stranded oligonucleotides were dissolved in DNAse/RNAse-free water and the amount of material was quantified by UV at 260 nm (Ultraspec 3100, GEHealthcare). The final solutions were frozen at -80°C and oligonucleotides were lyophilized using a FreeZone system (Labconco).
RNAs were cleaved from the support and deprotected using AMA -1:1 (v/v) concentrated aq. ammonia and 40% aq. methylamine (5 ml) for 1 h at 65°C, support was washed with DMSO (3×2 ml) and the combined solution evaporated to dryness. The gum was dissolved in the mixture of trimethylamine trihydrofluoride (1.5 ml) and DMSO (1 ml) and heated at 60°C for 3.5 h. Crude RNAs were precipitated by the addition of 200 µl of 3 M sodium acetate followed by 10 ml of butanol-1. Solids were separated by centrifugation at 10,000 g and washed thoroughly with ethanol (3×10 ml). Residual ethanol was removed under vacuum and RNAs were purified as described for DNAs.
Sequence and structure alignment
The alignment of the hpTEN, ttTEN, hTEN sequences and their fragments were carried out using GESAMT (1). Automatically generated structure-based sequence alignment was manually adjusted and rendered with ESPript (2). DALI search indicated that the structure of hpTEN presented in this manuscript has a Z-score of 7.8 against ttTEN and 3.0 or below against other structures in the PDB. Multiple sequence alignment was performed using Clustal Omega on the EBI server (3). Amino acid sequences of TEN used in the alignment were retrieved from the UniProtKB database (4) using the following IDs: 
Microscale Thermophoresis
The binding affinity of the oligonucleotides to the protein was studied with the Microscale Thermophoresis method using a Monolith NT.115 (blue/green, NanoTemper Technologies) instrument with detection via the green channel. FAM label was inserted into the 5'-end of DNA oligonucleotides corresponding to the DNA strands of ligands E4 and E8 (Table 4) . Prior the measurements they were dissolved in H2O. The pH of the solutions was adjusted to 7.0. All experiments were conducted in the binding buffer (20 mM Naphosphate buffer, pH 7.0, 50 mM NaCl) using a constant concentration of the FAM-labeled oligonucleotide ligands (50 nM) and 1:1 serial dilutions of each protein in the range of 18 nM to 0.6 mM.
Oligonucleotide-protein mixtures were incubated for 20 min before loading into capillaries and introduction
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into the MST instrument. Measurements were performed in standard treated capillaries (NanoTemper Technologies #MO-K002) at 25ºC using 100% infrared laser power and 40% LED power. Fitting of a sigmoidal curve into the experimental data and the determination of the dissociation constant (Kd) from the law of mass action was carried out using the NTAnalysis software (NanoTemper Technologies).
Labeled hpTEN binding to non-labeled E8 oligonucleotide was studied using the same parameters, but the protein was labeled with the GREEN-NHS (Amine Reactive) Labeling Kit (NanoTemper Technologies # MO-L002) following the manufacturer's instructions. 
Molecular modeling
The three dimensional structures of hpTERT fragment 209-783 (hpTERT-ring) and hTEN were modeled using the I-Tasser online server (5) . The generated models were ranked according to their C-score (quantitative measure of the confidence), TM score (quantitative assessment of protein structural similarity) and RMSD. For the TERT ring all ten threading templates found by I-Tasser were crystal structures of TERT from Tribolium castaneum (tcTERT, PDB ID codes: 3DU5, 3DU6 (6), 3KYL (7) and 5CQG (8)). Despite the low sequence identity of the two proteins (22%), the normalized Z-score for the S6 best threading template was 5.8. The best scoring model had a C-score of -0.31 signifying a good confidence of the prediction. The PDB structure 3DU6 was identified by I- Tasser The three dimensional coordinates of a heteroduplex DNA product -RNA template were generated using the UCSF Chimera package v. and the fork was modeled in Chimera using the experimental data on NMR titration as structural restraints. Geometry of the final model was optimized in Coot and the overall quality was validated using Procheck (13) and the WhatCheck module of the WhatIf software suite (14) . The images used in this work were generated using PyMOL and UCSF Chimera. . NMR studies of hpTEN titration with ssRNA E5 followed by ssDNA E6 (Table 4) : (a) overlay of 1 H-15 N HSQC spectra of hpTEN (0.2 mM) with variable amounts of E5 and E6. The spectrum for free hpTEN is in red, for hpTEN in the presence of 1 eq E5 in dark orange, in the presence of 4 eq E5 in orange, in the presence of 10 eq E5 in yellow, in the presence of 10 eq E5 and 1 eq E6 in green, in the presence of 10 eq E5 and 4 eq E6 in cyan, and for hpTEN in the presence of 10 eq E5 and 10 eq E6 in blue. The peaks shifted gradually upon addition of E5 and E6 are labeled in black. (15)). The protein is shown as a light-gray surface; protein loops responsible for the strand separation in a heteroduplex are in purple ('lid') and blue ('rudder'). RNA strand of a duplex is in yellow, DNA strand in green. (b) The model of hpTERT complexed with DNA product and RNA template. The hpTERT ring in a predicted orientation to hpTEN is shown as a light-gray surface; hpTEN is shown as a dark cyan surface; the structural elements of hpTEN corresponding to the 'lid' and 'rudder' analogs are shown in purple and blue. RNA strand of the duplex is in yellow, DNA strand in green.
